Purpose To verify if the presence of varicocele (grades II and III) with and without seminal alterations, using the 5 th centile cutoff values in table A1.1 of the World Health Organization (WHO, 2010) manual, alters the seminal plasma levels of proteins DNASE1 (deoxyribonuclease-1) and IGFBP7 (Insulin-like growth factor-binding protein 7), which are related to apoptosis regulation and cell proliferation, respectively, demonstrating that these proteins are important for correct spermatogenesis. Methods This cross sectional study was performed at the Sao Paulo Federal University Paulo between May 2014 and April 2016. A total of 61 male adolescents were included in this study, of which 20 controls without varicocele (C), 22 with varicocele and normal semen analysis (VNS) and 19 with varicocele and altered semen analysis (VAS). Seminal plasma from each patient was used for Western blotting analysis of individual protein levels. Values of each protein were normalized to a testicular housekeeping protein (PARK7-protein deglycase DJ-1). Results Levels of IGFBP7 protein are increased in varicocele. Levels of DNASE1 are progressively decreased in varicocele (lower in varicocele and normal semen analysis, lowest in varicocele and altered semen analysis) when compared to adolescents without varicocele. DNASE1 levels are positively correlated with sperm concentration and morphology (correlation values of 0.400 and 0.404, respectively; p values of 0.001 and 0.001, respectively). Conclusion In conclusion, in adolescents, seminal plasma levels of IGFBP7, responsible for proliferative activity, are increased in varicocele grades II and III, and DNASE1, responsible for apoptosis regulation, are lower in varicocele, lowest in varicocele and low semen quality. These proteins demonstrate molecular alterations brought upon by varicocele. Moreover, DNASE1 is capable of discriminating a varicocele that causes alterations to semen quality from one that does not. We propose that the initial response of varicocele is to increase proliferative activity which, if followed by regulation of apoptosis, may lead to the ejaculation of a population of sperm that are in accordance with WHO cutoff values but, in the presence of dysregulated apoptosis, leads to lower sperm concentration and morphology.
Introduction
Varicocele, defined by the presence of dilated veins in the pampiniform plexus with blood reflux [1] , is considered the main treatable cause of male infertility [2, 3] . Varicoceles are detected in 15 % of the general adolescent and adult male population. However, 35 % of men with primary infertility, and up to 80 % of men with secondary infertility present varicoceles [4] [5] [6] , which has led to the suggestion that varicocele causes a progressive decline in male fertility [7] [8] [9] .
Conversely, 80 % of adolescents with varicocele will not present infertility in adulthood [10, 11] , which has led to a Capsule In adolescents, seminal plasma levels of IGFBP7 are higher in varicocele, and of DNASE1 are lower in varicocele, lowest in varicocele in the presence of low semen quality.
* Ricardo Pimenta Bertolla rbertolla@yahoo.com suggestion of a mainly expectant approach, unless there is evidence of testicular and/or seminal alterations [12] . However, previous reports have demonstrated that varicocele may lead to alterations not usually detected in conventional semen analysis, such as increased sperm DNA fragmentation [13] and decreased sperm mitochondrial activity [14] . Moreover, treatment of varicoceles through a microsurgical approach (microsurgical varicocelectomy) has been shown to improve semen quality [12, 14, 15] , testicular volume [16, 17] , and sperm DNA integrity and mitochondrial activity [14] , but this is not the case for all treated adolescents [18] . Therefore, there is a need to indicate, with improved sensitivity, which adolescents should be treated for varicoceles, so that they do not become infertile men in the future [11] .
In this context, we have previously determined, using a proteomics pipeline, the seminal plasma proteome of adolescents with varicocele [19] [20] [21] . In one of this studies, using a two-dimensional gel electrophoresis (2D-GE) approach, we identified that adolescents with varicocele and seminal alterations present a seminal plasma proteome shifted towards apoptosis, while adolescents with varicocele but normal semen analysis present a seminal plasma proteome associated with normal spermatogenesis [20] . In a follow-up study, using a gel-free shotgun proteomics approach, we observed a number of different proteomics pathways which demonstrate a shift away from homeostasis in the seminal plasma of adolescents with varicocele, more so pronounced in those with altered semen analysis [21] . Among the proteins found by the authors, we can highlight the DNASE1 (deoxyribonuclease-1), which participates in apoptosis [22] , and IGFBP7 (insulin-like growth factor-binding protein 7), which regulates cell proliferation [23] .
In this study, we hypothesized that DNASE1 and IGFBP7 may be useful in discriminating a varicocele that is from a varicocele that is not causing alteration in semen parameters. Our hypothesis is that the equilibrium between apoptosis and proliferation will influence the seminal phenotype. Therefore, we aimed to evaluate the expression levels of DNASE1 and IGFBP7 in seminal plasma of adolescents with varicocele and normal and altered semen parameters, and adolescents without varicocele.
Material and methods

Patients and study group
A cross-sectional study was carried out including 61 adolescents who were recruited from the National Industrial Education Service in São Paulo, Brazil. All adolescents and their legal representatives were informed of the study conditions and those that agreed provided a signed consent form. Institutional Review Board approval was obtained from the Sao Paulo Federal University Research Ethics Committee (CAAE: 31701614.4.0000.5505). Unless otherwise noted, all chemicals were purchased from Sigma-Aldrich (SigmaAldrich, St. Louis, MO, USA).
All adolescents included in this study were aged between 15 and 17 years with full sexual maturity (Tanner V) [24] . Physical examination was performed by a same physician in a room with adequate illumination and a controlled temperature of 23°C. Varicocele was diagnosed and graded by the method proposed by Dubin and Amelar [25] , by a physical examination, as per the Practice Committee of the American Society for Reproductive Medicine and the Society for Male Reproduction and Urology recommendations [12] A Prader orchidometer was utilized to assess testicular volume. Exclusion criteria were presence of systemic diseases (such as cancer and endocrinopathies and their treatments), endocrine disorders, obesity, congenital malformation of the genitalia, genetic syndromes, prior history of inguinoscrotal surgery, orchitis or epididymitis, testicular torsion, testicular dystopia, absence of masturbation, and other conditions that could affect fertility. Adolescents with uni-or bilateral grade I varicoceles were also excluded from the study, because there are reports that, in adolescents, a grade I varicocele may not lead to alterations in testicular function [26] .
Semen processing
Semen collections were performed after 2 to 5 days of ejaculatory abstinence and, after liquefaction, an aliquot was utilized for semen analysis [27] . After semen analysis, the 5 th centile cutoff values in table A1.1 of the World Health Organization manual [27] were used to define a Bnormalŝ ample, and the patients were grouped into three experimental groups: controls without varicocele and normal semen analysis (C, n = 20), with uni-or bilateral grade II or III varicocele and normal semen analysis (VNS, n = 22), and with uni-or bilateral grade II or III varicocele and altered semen analysis (VAS, n = 19). The remainder of each sample was centrifuged at 800g, in order to separate the sperm from the supernatant seminal plasma, which was frozen and kept at −20°C.
Protein expression analysis by Western blotting
For Western blotting analysis, samples were thawed and centrifuged at 16,100g at 4°C for 30 min, in order to remove cellular debris. Total protein concentration in each sample was measured using a modified Lowry -Bicinchoninic Acid (BCA) assay [28] . Briefly, samples were diluted (1:80) in milli-Q water and measured in triplicate and standard curve points (0, 200, 400, 600, 800, and 1000 mg/mL of bovine serum albumin in water) were measured in duplicate in a 96-well plate. Absorbance was measured using a microplate reader at 540 nm. Samples with a coefficient of variation during quantification of over 5 % were re-quantified, to ensure greater accuracy.
For Western blotting experiments, a volume corresponding to 50 μg of seminal plasma total protein was suspended to a final volume of 7.5 μL in milli-Q water for each sample. This was then For signal detection, membranes were incubated with an enhanced chemiluminescence (ECL) reagent (GE Healthcare, Amersham Place, UK), and chemiluminescent images were acquired using a LAS-4000 system and processed using ImageQuant TL 7.0 Software (GE Healthcare, Amersham Place, UK). Background intensity was subtracted from each lane in order to calculate signal intensity, using the Bimage rectangle^option in the software. Following detection, membranes were incubated in mild stripping buffer (0.2 M glycine, 0.1 % [w:v] SDS, 1 % (v:v) Tween 20, pH 2.2) and probed with a primary anti-human DJ-1 (Protein deglycase DJ-1, gene name: PARK7; UniProt accession Q99497) goat polyclonal antibody as a testicular housekeeping protein (SAB2500750, Sigma-Aldrich, Saint Louis, USA) [21] . A HRP labelled antigoat secondary antibody was then used, and membranes were submitted to ECL and image detection as described above. Protein quantities for each protein (IGFBP7 and DNASE1) from each sample were then normalized to PARK7 levels, in order to correct for loading variations.
Statistical analysis
For statistical analysis the SPSS software (PASW) 18.0 was utilized. To compare the frequency of varicocele between groups (VNS and VAS), a Pearson's chi-square test was performed. Semen analysis and Western blotting data were tested for normality of distribution using a Kolmogorov-Smirnov test, and for homogeneity of variance using a Levene test. Normally distributed and homoscedastic variables were compared between groups (Control, Varicocele and normal semen analysis, and Varicocele and altered semen analysis) with oneway analysis of variance (ANOVA), followed by a Sidak posthoc test. For non-parametric variables, a Kruskal-Wallis test, followed by a Games Howell post-hoc test, was used. To verify correlations between semen variables and the expression levels of each protein, a Spearman's Rank Test correlation analysis was performed. For multivariate data analysis, we applied a binary logistic regression model to verify the predictive value of DNASE1 and IGFBP7 in discriminating the VNS from the VAS group. These results were utilized to construct a receiver operating characteristics (ROC) curve. Results were considered significant when p < 0.05.
Results
Distribution of varicocele grades is presented in Table 1 . Frequencies of different varicocele grades (only varicocele grades II and III were included) were not different between the varicocele groups. Clinical characteristics and semen quality results are presented in Table 2 . The VAS group was characterized as of lower sperm concentration and morphology when compared to the VNS and control groups.
Typical Western blotting images and graphs with the expression levels of the analyzed proteins are presented in Fig. 1 . DNASE1 was significantly under-represented in the VAS group when compared to both other groups (C and VNS), and IGFBP7 was over-represented in both varicocele groups (VNS and VAS) when compared to the control group (C). When data from the three groups was pooled for correlation The binary logistic regression model was significant in discriminating the VNS from the VAS group (p = 0.001) with a negative predictive value of 66.7 %, a positive predictive value of 89.5 %, and an overall predictive value of 77.5 %.
Although the logistic regression model with the highest predictive values included both proteins, only the odds-ratio for DNASE1 was significant in that model (p = 0.013), with a value of 0.054 (CI 95 % 0.005-0.540) (increasing values of DNASE1 decrease the odds of belonging to the VAS group). The generated ROC curve presented an area under the curve of 0.805 (p = 0.001) (Fig. 2) .
Discussion
The adolescent varicocele is often of a complex nature to be approached. In the first place, although many of these adolescents may present with impaired spermatogenesis [20] , not all adolescents with varicocele will present a decrease in fertile potential when they achieve adulthood [10, 11] . Furthermore, spermatogenesis is not yet mature in the adolescence, and the alterations observed in a sample may be transient [29] . Therefore, conventional semen analysis is not suitable for a decisive report of the changes in fertile potential caused by varicocele [30] . We have previously shown, for example, that sperm functional alterations may be present even in the absence of semen analysis alterations [13] . Moreover, we have also observed that a number of sperm functional alterations [14, 19] and alterations to seminal plasma protein expression are associated to the adolescent varicocele [19] [20] [21] . We need, however, to better understand which molecular mechanisms are associated with the adolescent varicocele, especially to one that will determine infertility in the future [31] . Bearing this in mind, our study design was to observe molecular differences in seminal plasma of adolescents with a varicocele grade II or III that is already defining alterations to semen quality, and to see how this compares to a adolescents with varicocele which is not causing alteration in semen parameters (according to the 5 th centile cutoff values of the World Health Organization manual [32] ), or to samples from healthy controls.
Seminal plasma is constituted of proteins from the seminiferous tubules lumen [33] , from the epididymal fluid containing secreted proteins and specific microvesiclesepididymosomes-with the function of transferring proteins to sperm [34] , and from seminal vesicle and the prostate [35, 36] . In varicocele, these proteins are associated to maintenance of the homeostatic functions, when semen quality is still maintained [20] . Moreover, varicocelectomy is associated to a return to seminal plasma homeostasis in adolescents [19] , which indicates monitoring these proteins may be of interest in understanding the underlying mechanisms of varicocele as it initiates.
In a previous study, we identified a number of differentially expressed proteins when comparing adolescents with varicocele and altered semen analysis, with varicocele and normal semen analysis and controls without varicocele [21] . In that study, multivariate data processing and filtering led to the suggestion of some proteins that could potentially demonstrate molecular mechanisms of seminal plasma in the adolescent varicocele [21] . This present study was thus designed to verify the levels of two proteins indicated by this previous article (IGFBP7 and DNASE1) that can help us to understand the role of seminal plasma proteins in male fertility. In this study, semen quality analysis was performed in order to classify the varicocele (grades II and III) groups as those with altered semen (VAS group) or normal semen (VNS group). The differences observed between the VAS group and the VNS and control (C) groups were in sperm concentration and morphology. These demonstrate that the decreased semen quality in our study group occurred due to a testicular and/or epididymal alteration. It should be pointed out, however, that this was not an epidemiologic study on semen quality in the adolescent varicocele, and these results should only be considered in order to better understand our protein expression results.
Insulin-like growth factor-binding protein 7 (IGFBP7) was increased in both groups with varicocele, indistinguishably. This protein belongs to the group of growth factors binding proteins, which are related to cell growth, differentiation and proliferation in mammals [23] . This protein is also related to cell adhesion and acts as a stimulus for the production of prostacyclin (PGI2) [37, 38] , which is the main product of endothelial cyclooxygenase and is responsible for vasodilation [39] . Because varicocele leads to testicular hypoxia [40, 41] , this is a likely response mechanism to increase oxygen supply to the testes, which can be an important mechanism related to decreased oxidative stress. Oxidative stress has been demonstrated to affect sperm physiology and can impair sperm function and lead to increased sperm DNA fragmentation [42] [43] [44] . Thus, our results indicate that varicocele leads to a proliferative response in the seminiferous tubules, likely in order to balance an altered oxidative environment.
Conversely, deoxyribonuclease-1 (DNASE1) was underrepresented in both groups of varicocele, and this underrepresentation is progressive-highest in controls without varicocele, lower in VNS, and lowest in VAS. DNASE1 is a calcium-and magnesium-dependent endonuclease responsible for digestion of DNA residues [45] , as well as an autonomous nuclease in cells that are subjected to drug-induced apoptosis [46] , demonstrating that this protein is related to regulation of apoptosis. Probably due to the lower action of this protein, adolescents with varicocele and altered semen analysis present failure in germ cell apoptosis regulation. This is especially important because it suggests a testicular origin of sperm DNA alteration. It has been suggested that peptides with a DNASE domain in seminal plasma from bovines and equines are fertility markers [47] . With our study, we demonstrate that alterations seminal levels of DNASE1 and IGFBP7 can identify testicular alterations in varicocele; however, it remains to be verified if this is true only for varicocele, or if these proteins identify alterations in testicular function in other conditions related to male infertility as well.
When our pooled data from the three groups was utilized for correlation analysis, we observed that DNASE1 was positively correlated to sperm concentration and to sperm morphology. Therefore, alteration of apoptosis regulation may be a possible mechanism by which varicocele leads to increased DNA fragmentation in adolescents, as observed in other studies in adolescents [13, 14, 19] . This is important because it suggests a testicular (and not a post-testicular) origin to alterations to sperm DNA quality in these patients, which in turn renders an immediate surgical approach more important, in order to revert initial testicular damage. Moreover, it is interesting that up-regulation of a protein responsible for apoptosis leads to an improved seminal phenotype, in patients with increased testicular proliferative activity.
As was observed in the logistic regression, the proposed model that included the proteins DNASE1 and IFGBP7 was significant, with an area under a ROC curve of 0.805, and with negative, positive, and overall predictive values of 66.7, 89.5, and 77.5 %. These results indicate that monitoring of these two proteins highly increases the chance of detecting alterations of semen quality. We propose that, alongside other routine clinical exams, assessing seminal plasma levels of DNASE1 and IGFBP7 may determine an optimal point in which intervention is indicated in the adolescent varicocele.
One of the limitations of this study was the inclusion of a relatively small cohort of adolescents (n = 61). Moreover, our endpoint in this study was seminal alteration per se, which makes it necessary to perform a confirmatory prospective multicentric cohort study in order to validate our findings, as well as to better define cutoff values. Finally, it is important to better understand the role of seminal plasma proteins in different causes of infertility, because this is a promising field that can indicate potential biomarkers, and because the regulatory activity of extracellular proteins in seminal plasma is fundamental for proper sperm function after ejaculation [48] .
In conclusion, in adolescents, seminal plasma levels of IGFBP7, responsible for proliferative activity, are increased in varicocele grades II and III, and DNASE1, responsible for apoptosis regulation, are lower in varicocele, lowest in varicocele and low semen quality. These proteins demonstrate molecular alterations brought upon by varicocele. Moreover, DNASE1 is capable of discriminating a varicocele that causes alterations to semen quality from one that does not. We propose that the initial response of varicocele is to increase proliferative activity which, if followed by regulation of apoptosis, may lead to the ejaculation of a population of sperm that are in accordance with WHO cutoff values but, in the presence of dysregulated apoptosis, leads to lower sperm concentration and morphology.
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